Background and aims: The relationship between HCV infection and complications of sickle cell disease SCD has not been reported. To determine prevalence and characteristics of hepatitis C virus (HCV) infection in adult patients with SCD, and to analyze the relationship between HCV infection and SCD complications.
Sickle cell disease (SCD) is the most prevalent hereditary disorder worldwide. The three most common genotypes are homozygous haemoglobin SS, heterozygous haemoglobin SC, and haemoglobin S/β-thalassemia [1, 2] . Polymerization of mutated haemoglobin S results in deformation of red blood cells, which can cause endothelial cell injury and inflammation, and may lead to capillary occlusion and acute or chronic tissue hypoxia. The chronic haemolytic state, which contributes to anaemia and reduces nitric oxide bioavailability, is the other key mechanism that explains the vascular complications of SCD [1] . Chronic haemolytic anaemia, vaso-occlusive crisis and acute chest syndrome are frequent complications of the disease [2] . Other well-defined specific complications of tissue hypoxia include avascular osteonecrosis, priapism, leg ulcers, nephropathy and retinopathy. Although SCD patients are frequently transfused, and therefore represent a high-risk population for hepatitis C virus infection (HCV), the prevalence of HCV has rarely been reported [3] [4] [5] [6] . HCV is known to be an important cause of liver disease in SCD patients [3] . In addition, HCV has been recently suspected to be a cardiovascular risk factor for the development of carotid atherosclerosis, heart failure and stroke [7, 8] . In France, prevalences of positive HCV serology is around 0.3% in the entire population; prevalence of SCD is around 26,000 patients. While the effect of SCD on liver disease in HCV infected patients had been described [4, 9] , the impact of HCV infection on complications of SCD has not been reported.
The aims of our study were (1) to determine the prevalence and characteristics of HCV infection in adult patients with SCD in France, and (2) to analyze the relationship between HCV infection and SCD vascular manifestations.
Methods

Patients
All adult SCD patients (≥ 18 years) from eleven centres (including 5 national reference centres) throughout the Paris area (France) were consecutively included over a one-week period in April, 2015 in this observational study. Patients were seen during a routine followup outpatient visit or hospitalization. The study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethics Committee. Written informed consent was not required.
Data collection
The investigators completed a questionnaire that included information on demographics (age, gender and geographic origin), risk factors for HCV infection and main clinical features. Other clinical information included the presence or absence of diabetes and hypertension, and history of blood transfusions. Behavioural activity included questions regarding intravenous drug abuse, alcohol abuse and smoking. The history of vaso-occlusive crisis (assessed by the mean annual number of vaso-occlusive crises requiring emergency admission within the last 2 years), acute chest syndrome, chronic complications of SCD, cardiovascular risk factors, and the status and characteristics of HCV infection (mode of contamination, HCV RNA, viral load, genotype, liver fibrosis score and treatment), and hepatitis B virus (HBV) or human immunodeficiency virus (HIV) co-infection were obtained from a retrospective chart review.
No specific blood sample was requested. The more recent biologic findings, at the steady state of SCD disease, included haemolytic parameters (levels of haemoglobin, bilirubin, lactate dehydrogenase, aspartate aminotransferase [AST] and alanine aminotransferase [ALT] ) and foetal haemoglobin [HbF], using high performance liquid chromatography. The glomerular filtration rate (GFR) was estimated by the CKD-EPI formula without adjustment for race, as recommended in SCD [10] . Pulmonary arterial hypertension was assessed by a Doppler ultrasound and defined as a peak tricuspid regurgitation jet velocity of at least 2.5 m per second. The presence of SCD cardiomyopathy was assessed by an abnormal transthoracic echocardiography (impaired diastolic or systolic function, dilation or hypertrophy) and/or acute episodes of cardiac insufficiency. Cerebral vasculopathy was defined as the presence of Moyamoya, aneurysm or vascular stenosis, with or without episode of stroke.
Statistics
Continuous variables are shown as medians (interquartile ranges, IQR) and compared using the Mann-Whitney test. Categorical variables are expressed as numbers and frequencies (%) and compared using Pearson's chi-squared test or Fisher's exact test. In order to identify factors potentially associated with positive HCV serology, univariate analyses were performed using a logistic regression model. Variables that were significant at P values less than 0.10 were included in the multivariate analysis. Multivariate models were selected using backward stepwise procedures on P values (5% threshold). P values less than 0.05 were considered significant. Calculations were performed using Statview Statistical and SAS statistical software, version 9.2.
Results
A total of 267 patients were included (median age 33 years [IQR: 25-42], 62.5% women). They mainly originated from Sub-Saharan Africa (69.5%). The haemoglobin profile was SS in 70%, SC in 24% and S/β-thalassemia in 6% (Table 1 ) of these, 228 (85%) had already been screened for HCV infection. The prevalence of positive HCV serology was 7.5% (17/228 patients) in the entire cohort, and 11.1% (17/153 patients) in the homozygous SS subpopulation. Of note is that all the HCV-positive patients exhibited an SS genotype. Concerning HBV infection markers, 65/153 (42.5%) patients had HBc antibodies, and two patients had a profile of chronic active infection (HBs antigen-positive, HBc antibody-positive, HBs antibody-negative). HIV serology was positive in 6 of 205 (3%) patients. Table 2 shows the main characteristics of SCD patients with positive HCV serology. The mode of contamination was blood transfusion (n = 16) or was unknown (n = 1). The HCV genotypes were 4 (n = 4), 1a (n = 2), 1b (n = 2), 2 (n = 1) or unknown (n = 8). The Metavir liver fibrosis scores [by liver biopsy (n = 5) or elastometry (n = 6)] were F0 (n = 3), F1 (n = 3), F3 (n = 3), F4 (n = 2) and unknown (n = 6). One patient (Patient 1, table 2) had liver failure. HCV RNA was positive in 9/17 (53%) patients. Of the nine, the viral load was above 800, 000 IU/mL in five patients and below this cut-off in four patients. Of the eight HCV RNA negative patients, five had spontaneous HCV clearance, whereas three patients had received a specific HCV treatment and had no detectable HCV RNA at the last screening (sustained virologic response); these included a 59-yearold woman (Patient 5, and 17/153 (11.1%) patients with SS form. Major mode of contamination was blood transfusion (n = 16). HCV RNA was positive in 9/17 (53%). HCV genotypes were 4 (4), 1a (2), 1b (2), 2 (1) or unknown (8) . Liver fibrosis scores were F0/F1 (6), F3/F4 (5), and unknown (6) . Three patients had a sustained virologic response after HCV treatment. HCV-positive compared to HCV-negative SCD patients were significantly older (44 vs. 32 yrs.) and more frequently males (59 vs. 34.5%), with higher rates of hypertension (37.5 vs. 7%) and SS form (100 vs. 69%). In the group of SS form, HCV-positive patients had hypertension (37.5 vs. 4%), leg ulcers (35.5 vs. 13%), and nephropathy (70.5 vs. 46.5%) more frequently. Multivariate analysis limited to SS form showed HCV infection to be positively associated with hypertension (OR = 7.86 [1.83-33.7] , p = 0.006) and leg ulcers (OR = 4.42 [1.24-15 .77], p = 0.022).
Conclusions:
In adult French SCD patients, prevalence of positive HCV serology was high. HCV-positive SCD patients always had a SS form, were older and had hypertension and leg ulcers more frequently. SS form, we next compared the characteristics of the 17 HCVpositive with the 136 HCV-negative homozygous SS SCD patients, particularly for specific SCD complications (Table 3 ). The HCVpositive SCD patients with homozygous SS form showed higher rates of leg ulcers (35.5% vs. 13%, p = 0.03), hypertension (37. 5% vs. 4%, p = 0.0003) and nephropathy (70.5% vs. 46.5%, p = 0.06). The estimated GFR was 108 vs. 121 mL/min/1.73 m 2 in the HCV-positive vs. HCV-negative group (p = 0.001), and no difference was found with regard to proteinuria. Patients on chronic dialysis were more frequently HCV-positive (2/17; 12%) than HCV-negative (1/136; In order to explore the possible impact of HCV infection on complications of SCD, we compared the main characteristics of HCV-positive and HCV-negative SCD patients ( Table 1 ). The HCVpositive SCD patients were found to be significantly older (44 vs. 32 yrs, p = 0.001), more often males (59% vs. 34. 5%, p = 0.04) and had a more frequent history of hypertension (37.5% vs. 7%, p = 0.001). There was no significant difference in the rates of alcohol consumption or of other cardiovascular risk factors or major cardiovascular events.
Keywords
Because all HCV-positive SCD patients had the homozygous [11] . The prevalence of positive HCV serology in SCD patients has been rarely reported, and to our knowledge no data are available in Europe. Two small single-centre studies in the US found positive HCV serology in 10% of 99 SCD patients [4] and 20.7% of 121 SCD patients [3] . These studies also found a significant correlation between the high prevalence of positive HCV serology and the SS genotype of SCD.
In two more recent Brazilian single-centre studies (n = 291 and n = 1225), the prevalence of positive HCV serology was about 14% [5, 6] .
In the study by Torres, et al. [5] , 83% of HCV-positive patients were HCV RNA positive, with HCV genotypes 1b (63%), 1a (21%) and 3a (16%). They also found that the HCV-positive population was older (26 vs. 15 years), but there was no attempt to compare biological markers or clinical phenotypes between the HCV-positive and HCVnegative patients.
As expected, blood transfusion appears to be the major mode of HCV contamination in SCD patients. Fortunately, the prevalence 0.7%) (p = 0.03). No significant difference was found concerning other classical SCD complications or biological parameters (i.e. levels of haemoglobin, reticulocytes, LDH, AST, ALT, and bilirubin) ( Table 3) . A multivariate analysis model in the SS form cohort of SCD patients showed HCV infection to be positively associated with hypertension (OR = 7.86 [1.83-33.7] , p = 0.006) and leg ulcers (OR = 4.42 [1.24-15 .77], p = 0.022).
Discussion
In this large cohort of adult French SCD patients, the prevalence of HCV-positive serology was high, i.e. 7.5% in the entire cohort and 11.1% in the group with SS homozygous form. About one-third of HCV-positive patients had severe liver fibrosis. HCV-positive SCD patients had more frequent extra hepatic vascular complications, i.e. leg ulcers, nephropathy, and hypertension.
The high prevalence of HCV infection found in our SCD cohort should be first compared to the 0.94% (0.6-1.51) prevalence reported decreased dramatically among patients who received transfusions after the implementation of blood donor screening for HCV in the early 1990's. This probably explains the higher age of the HCVpositive SCD patients. Up to 15% of SCD patients in our cohort had never been screened for HCV infection, although they belonged to a high-risk population. This could be a bias that underestimates the prevalence of HCV infection. Thus, HCV screening should be a part of the management of SCD patients. This is further highlighted by the fact that at least one-third of HCV-positive patients in our cohort of young adults already had severe liver fibrosis, a status known to be associated with a 1-4% annual rate of hepatocellular carcinoma [12] . Recent advances in HCV treatment using interferon-free and ribavirin-free combinations, with very high rates of HCV cure (> 95%) and very good safety profiles, stress the importance of detection campaigns in this high-risk population. Concerning HBV infection markers, patients HBc Ab+ HBs Ag-and those HBs Ag+ were more frequently found in the group of SCD patients HCV positive, probably reflecting the same mode of HBV transmission by blood transfusion.
The second objective of our study was to explore the relationship between HCV infection and SCD complications. It is well known that, compared to patients with other SCD genotypes, patients with a homozygous SS genotype have more severe anaemia, more frequent haemolysis, a higher mortality rate, and different frequencies of acute and chronic SCD complications [2] . We therefore compared SCD complications in the homozygous SS form cohort more in depth, since all HCV-positive patients had the SS genotype. In this cohort, HCV-positive SCD patients had hypertension, nephropathy and leg ulcers more frequently. The high rate of hypertension was unexpected, as SCD patients were reported to have lower blood pressure than the general population [13] . HCV-positive patients had a lower glomerular filtration rate. Hypertension and kidney involvement in this HCV-positive SCD population might reflect the role of HCV as a cardiovascular risk factor, as has been recently emphasized by Domont, et al. [8] . One explanation for the higher rates of leg ulcers in HCV-positive patients may be the presence of mixed cryoglobulinemia, but this hypothesis was not explored in our study. Of note is that the association with leg ulcers was also found in a Brazilian single-centre retrospective study on 1,225 patients (OR = 1.74, 95% CI: 1.06-2.84) [6] . It also found an association between HCV-positive status and a higher risk of stroke (OR = 1.94, 95% CI: 1.15-3.27), painful SCD crisis (OR = 1.61, 95% CI: 1.17-2.22, P = 0.004) and hospitalization (OR = 1.52, 95% CI: 1.07-2.17).
One limitation of our study was the retrospective nature of the chart review for the past medical history of specific SCD complications. On the other hand, a major strength of this study was its multicentre design, including a large number of SCD patients from the same geographic area in Europe.
Conclusions
The prevalence of HCV-positive serology in this large French cohort of SCD patients was high (7.5% in the whole cohort, and 11% in the cohort with the homozygous form). Transfusion was the major mode of contamination. HCV-positive SCD patients, all with a homozygous SS form, were older and presented hypertension and chronic leg ulcers more frequently. The relationship between HCV infection and vascular complications of SCD needs to be further studied.
